The objective of this study was to compare pork characteristics and to determine consumer acceptability of pork chops from antibiotic free Yorkshire crossbreds sired by Berkshire (BY), Large Black (LBY), Tamworth (TY) or Yorkshire (YY) boars and reared in hoop houses. The experiments were conducted at the North Carolina Agricultural and Technical State University (NCA&TSU) Farm in Greensboro, NC and the Cherry Research Station Center for Environmental Farming Systems (CEFS) Alternative Swine Unit in Goldsboro, NC (source of antibiotic free Yorkshire sows used at both places). Twenty-four sows were artificially inseminated at each location in each of three trials. Litters were weaned at 4 wks old, and reared within deep-bedded outdoor hoop houses. To compare pork characteristics, 104 randomly selected animals were harvested at a USDA-inspected abattoir at approximately 200 d of age. Variables measured included pH, color score, L*, a*, b*, marbling score, drip loss, hot carcass weight, backfat thickness (BF), loin muscle area (LMA), and slice shear force. Sensory panel tests were also conducted at two time periods. The data was analyzed with GLM in SAS 9.01 including location, trial, and sire breed as fixed effects. Backfat thickness, LMA, color score and a* were different among breeding groups (p<0.05). The LBY pigs had thicker backfat and smaller LMA than the other breed types. The TY and YY had less backfat than all other breed groups. Color score was lower for YY than BY and LBY but intermediate for TY. The a* was lower for TY than other breeds except LBY which was intermediate. For one sensory panel test, YY pork was more preferred overall as well as for juiciness and texture compared to BY and LBY (p<0.05), but no impact of breed type was noted for the other test, with values similar for BY, LBY, TY and YY pork. This information may help small farmers make decisions about breed types to use for outdoor production.
INTRODUCTION
In recent years, food safety issues and human health concerns have been raised regarding excessive medication of confinement-raised animals resulting in possible antibiotic resistance diseases. In addition, animal welfare has long been a concern for pork producers and, more recently, for consumers. Conventional confinement pork production systems are often criticized for animal welfare and environmental impacts (Ngapo et al., 2003; Lebret et al., 2006) , and consumer preference is generally higher for organically produced animal products and/or for meat produced not intensively (Bee et al., 2004; Yiridoe et al., 2005) . In response, new markets have emerged for animal compassionate and alternative pork production. Wholesale buyers are willing to offer United States growers higher sales prices to supply this demand, which indicates an important opportunity for small-scale, limited resource farmers.
There has been resurgence in interest in outdoor pig production recently (Thornton, 1990; Honeyman, 2005) , and concern that the productivity of sows and pigs raised outdoors would suffer has declined (Kleinbeck and McGlone, 1999) . One of the concerns with outdoor systems is that there is less control over the production environment which may adversely affect animal performance, especially in regions with hot and humid climates. Alternative production systems, including pasture-based huts and deepbedded hoop barns have the potential to address animal welfare, food safety and some environmental concerns as well as provide new opportunities for small, limitedAn important question that needs to be addressed is which genotypes (breeds) are best fitted to the outdoor system (Kleinbeck and McGlone, 1999) . There is anecdotal evidence to suggest that some breeds of pigs perform "better" in an outdoor system than others. For example, breeds such as Tamworth (McPhee, 1931; Winters et al., 1943; Gegner, 2001) and Large Black (ALBC, 2012) have been promoted as alternative breeds for outdoor production. Also, the Berkshire breed is known to have superior meat quality when raised in confined systems (Suzuki et al., 2003; Aziz, 2004) , and might also be a good candidate for alternative production systems. It has been reported that about 28,000 dams are bred in Japan, and the retail price of purebred Berkshires is 50% more expensive than regular finishing pigs (Suzuki et al., 2003) . However, there are few scientific studies regarding which breeds or lines of pigs actually excel in outdoor production facilities. Therefore, the objective of this study was to compare pork characteristics and determine consumer acceptability of pork chops from antibiotic free Yorkshire crossbreds sired by Berkshire, Large Black, Tamworth or Yorkshire boars and reared in deep-bedded outdoor hoop houses.
MATERIAL AND METHODS

Crossbreds and environments
The experiments were conducted at the North Carolina Department of Agriculture and Consumer Services Cherry Research Station, Center for Environmental Farming Systems (CEFS) Alternative Swine Unit, and at the university farm swine unit at North Carolina Agricultural and Technical State University (NCA&TSU). The CEFS unit is located in Goldsboro, NC (latitude +35 23 26.82, longitude -78 1 43.76) and the NCA&TSU farm is in Greensboro, NC (latitude +36 4 16.63, longitude -79 43 33.02). Both locations feature a humid subtropical climate with subtropical summer temperatures and mild winters, and an average annual precipitation of approximately 110 cm.
The CEFS unit has been raising antibiotic-free Yorkshire sows for more than 10 yrs, and animals used in both locations came from this site. Twenty-four gilts selected randomly were artificially bred at each location in each of three trials after feeding Matrix  for estrus synchronization as per the manufacturer's directions. Semen from Berkshire (BY), Large Black (LBY), Tamworth (TY) and Yorkshire (YY, control animals) boars was used with semen from at least 3 randomly selected boars per breed mixed to remove specific boar effects. 
Carcass data collection
Carcass characteristics were measured using 104 randomly selected animals that were harvested at a USDAinspected abattoir at approximately 200 d of age. At harvest, hot carcass weight (including the head) was collected prior to refrigeration. After refrigeration for 24 h, carcass collection procedures followed NPPC guidelines (NPPC, 2000) ; back fat (BF) depth at 1st rib, 10th rib and last lumbar were collected as well as longissimus muscle area (LMA). The longissimus dorsi (LD) was collected from the right side loins. All the boneless loins were packed in ice and transported approximately one hour to the NCSU Processed Meat Laboratory for storage at 2C until further analysis.
Pork quality measurements
Chops were cut 2.54-cm thick from each of the LD samples. Marbling score (1 to 10) and color score (1 to 6) was recorded (NPPC, 2000) and a LD chop was used to determine drip loss by placing a 100 g sample on a hook and hanging it in a plastic bag at 2C for 48 h. To determine ultimate pH, a chop sample was homogenized with a variable speed laboratory blender (Waring, New Hartford, CT, USA) and deionized water added to a final dilution of 1:10. Samples were blended for 20 s and pH was determined using an Accumet Excel XL15 pH meter with glass tip probe (Thermo Fisher Scientific, Waltham, MA, USA). Color of the LD was objectively evaluated by Minolta L*, a*, and b* measurements using a Minolta Chroma Meter (CR-200, Ramsey, New Jersey, USA) using D65 illuminant and calibrated with a standard white plate. Minolta values were reported as the average color values from measurements conducted at three positions on the surface of each chop after a minimum of 20 min of the initial cut. Slice shear force was conducted to estimate tenderness (Shackelford et al., 2004 ).
Pork quality characteristics and sensory panel tests
Pork quality and sensory panel tests were conducted at North Carolina State University ( Table 2 ). The first sensory panel test was held with 109 consumers using pork from the pigs in Trial 1, and the second test was with 107 consumers using pork from the pigs in Trial 2 and 3. Consumers were recruited through a screener launched to an on-line database maintained by the Sensory Service Center with over 3,000 members. Consumers were compensated with a five dollar grocery store gift card for their participation. Consumers had to be at least 19 yrs old, no older than 59 yrs old, and consume pork at least a few times per year.
Chops for each test were thawed at 4C and cooked on an Impinger conveyor oven set at 200C. After being wrapped and labeled, chops were placed in a warming cabinet set to 75C. Samples were replaced with fresh samples after 30 min. Samples were cut for consumers using a cutting mold, resulting in a 221 cm 3 sample of pork. Samples were placed in labeled containers and presented to consumers with a fork, napkin, and cup of deionized water.
When consumers arrived for the taste test, they were instructed they would taste four samples of pork chops and would have to rank them in order of preference at the end of * More than one answer was allowed, so total percentage will be greater than 100. ** Consumers who marked "other" as an important factor responded: "cut of pork", "marbling", "previous experience with the brand", and "ethnic use of pork meat for special celebrations". the test. Consumers answered demographic questions identical to what was asked on the recruitment screener. Consumers were then presented with their first sample and asked to indicate their overall liking on a 9 point Hedonic scale for which 1 = dislike extremely and 9 = like extremely. Consumers then indicated their overall flavor, juiciness and tenderness liking on the 9 point Hedonic scale. After all four samples were tasted, consumers ranked the samples in order of preference in which 1 = most preferred and 4 = least preferred.
Data analyses
For pork characteristics, location, trial, and sire were included in the statistical model as fixed effects using PROC GLM in SAS 9.2. Hot carcass weight was also included as a covariate in the model. For sensory panel data, scores were evaluated by ANOVA using SAS 9.2. Location, sire and interaction between them were included in the model as fixed effects. Overall ranking was evaluated by Friedman's Rank Sum using XLSTAT. All statistics were calculated to 95% confidence.
RESULTS AND DISCUSSION
Pork quality characteristics
Pork quality is an important factor for niche pork markets (Lammers et al., 2007) . However, few studies have compared different breed types in alternative production systems. For the current study, the impact of location, trial and breed type on measured pork quality characteristics are noted in Table 3 . Least square means and standard errors for each characteristic by location, trial and breed type are presented in Table 4 . There was no effect of breed on hot carcass weight (which was used as a covariable in the statistical analyses), and the overall average for all animals was 87.711.8 kg.
pH
A higher pH results in less drip loss and also increases dark color (most noticeable and a pH greater than 5.7). In Abbreviated variables include hot carcass weight (HCW), last lumber backfat (LLBF), 10th rib backfat (BF10), 1st rib backfat (BF1) and loin muscle area (LMA); L* indicates muscle lightness, a* is a measure of muscle redness and b* is a measure of muscle yellowness.
general, the range of 5.6 to 5.9 would be considered normal in pork (Lammers et al., 2007) . In this study, most samples were within the normal range except for Trial 3 which had samples with the lowest pH for all trials (Table 4) . Though breed type did not influence pH, samples from CEFS were higher than those from NCA&TSU and also had higher measured color indicators (L*, a*, b*), though pH values for both locations were within the normal range expected for pork (Table 4) . Animals from CEFS were harvested at a younger (p<0.05) age than those from NCA&TSU which may have contributed to some location differences.
Color score, L*, a* and b* Color score was assigned by a trained scientist while L*, a* and b* are instrument-measured values. Lightness (L*) is measured from 100, or white, to 0, or black; red-green, or redness, (a*) is measured with red being positive and green negative. Yellow-blue, or yellowness, (b*) is measured with yellow being positive and blue negative. Color scores averaged from 3.27 to 3.63, or an overall reddish pink (Table 4) . Although the scientist-estimated color score was lower for YY than BY and LBY samples (TY were intermediate), the instrument measured scores did not support this difference (Table 4) . As noted previously, differences for CEFS and NCA&TSU in measured color values likely relate to the higher pH noted for CEFS pork. Redness (a*) was lower for the Spring trial (the only trial with no animals from CEFS represented), and lightness (L*) higher for Trial 2 and 3 (Trial 3 was the only one with TY pigs; Table 4 ).
It has been reported that pigs reared outdoor have darker meat color (Bee et al., 2004) , but all of the pigs in this study were raised in a similar manner. Differences in pH and color have also been noted for different seasons (Judge et al., 1959; Gentry et al., 2002) , and although a* was lower for Trial 2, the only trial with animals born in the Fall and harvested in the Spring, this trial was also the only trial for which no animals were harvested from CEFS. Research by others has noted differences in color due to pig breed type (Judge et al., 1959; Skelley and Handlin, 1971; Brewer et al., 2002) , but no real important differences were noted for the present study.
Marbling score
As with color scores, marbling scores were assigned by a trained scientist. The effect of location and trial on marbling score was quite significant, with CEFS pork nearly half that of pork from pigs at NCA&TSU (perhaps due to the younger harvest age of the animals from CEFS), and Trial 2 scores were half or less than that of Trial 1 and 3 (Table 4) . As noted for the present study, there was no effect of breed reported for marbling scores in a study using Duroc, Hampshire and Poland China pigs (Skelley and Handlin, 1971) . In contrast, an earlier study with multiple breeds represented (Landrace, Poland China, Yorkshire, Hampshire, Spotted Poland China and Berkshire) indicated that there were breed effects on marbling score (Judge et al., 1959) . Other studies have also noted breed differences for marbling (Wood et al., 1996) , including differences for Large White, Meishan type and a synthetic line (Faucitano et al., 2005) .
Backfat and loin muscle area (LMA)
All three measures of backfat (last lumber, 10th rib and 1st rib) were higher for LBY than all other breed types (Table 4) , which was not surprising based on visual appraisal of phenotype and the fact that the breed was traditionally known as a bacon-type breed. The TY pigs had generally lower backfat than all but YY pigs (Table 4) , likely a result of the use of more modern Tamworth genetics for this study and perhaps because Tamworth were the youngest pigs at harvest (p<0.05), even though harvest body weights were not influenced by location or breed. The effects of trial were not consistent for backfat (LLFT, BF10 and BF1), with Trial 1 highest for LLFT, Trial 2 lowest for BF1 and Trial 3 highest for BF10 (Table 4 ). The CEFS location was not represented in all trials and the number of LBY and TY pigs differed among trials (Table 1) . Because these breed types had higher (LBY) and generally lower (TY) backfat measurements than the other breed types, it could be that the different numbers of those pigs accounted for the differences among trials.
Trial 1 had the greatest overall number of animals represented (Table 1 ) and had the largest LMA (Table 4) . Again, based on visual appraisal of phenotype, it was not surprising that LBY pigs had smaller LMA than all but TY pigs. Several studies have indicated that backfat and LMA can be influenced by breed (Skelley and Handlin, 1971; Lo et al., 1992; Wood et al., 1996; Hiner et al., 2006) .
Drip loss and slice shear force
Lower values of drip loss are better than higher levels. It is said that drip loss should not exceed 2.5% in general (Lammers et al., 2007) . However, drip loss range for the present study was higher than 2.5%. Similarly, Lebret et al. (2006) reported drip losses of 3.3% and 5.7% on two and four days after harvest, respectively, in an outdoor study using Large WhiteLandrace crossbred pigs. There were no influences of breed type on drip loss in the present study. In contrast, drip loss was influenced by breed in a study in Germany in that Landrace/Pietrain animals with Duroc heritage had lower drip loss than those with Large White heritage (Morlein et al., 2007) .
Slice shear force was not influenced by breed type, though differences were noted for location and trial (Table  4) . Other studies support the lack of an influence of breed 
